The thermal conductivity of installed building materials can differ from the declared value, which is determined under specific laboratory conditions given in standards (Fülöp, 2007; MSZ EN ISO 10456, 2008 
A significant area of Cammerer's research was testing the moisture conditions of walls; he summarized his results in Table 2 , and compared it with data of E. Raisch (München), Kreuger and Eriksson (Stockholm), Watzinger and Kindem (Trondheim). The influence of mortar and plaster were taken into account by assuming 1 % moisture content. Comparing the first and last line of Table 2 , it can be seen that, in case of nearly identical volumetric weight, a 1.6 % moisture content resulted in a 29.76 % increase in the thermal conductivity factor. Cammerer mentions that a 25 % reserve should be required for the thermal insulation capacity of building materials. Later, in 1957, in his book (Cammerer and Schäcke, 1957) written together with H. Schäcke, extended thermal conductivity factor results for cork (as a thermal insulation material), brick walls, organic and inorganic building materials, as a function of moisture content, are discussed. In addition to his work, it can be established that as well as German research institutes, researchers in other parts of Europe also attached great importance to this question, mainly north of Germany: in Sweden, Norway and Denmark.
In Hungary, Károly Möller (1894 Möller ( -1945 carried out similar measurements; he began to publish his results (Möller, 1929 (Möller, -1930 Möller, 1942) from 1930. In his work, he refers to the measurements of Dr Hofbauer, Cammerer, Nusselt and Swedish researchers, furthermore, he made own measurements for cellular concrete. Möller summarizes the most typical insulation materials in his book (Möller, 1929 (Möller, -1930 , and during their characterization, he highlights the differences between the dry and damp (having different moisture content level) samples (Fig. 2: brick wall, Fig. 3: cellular concrete) . He establishes that the thermal insulation capacity (which he defines in his book as the Table 1 The moisture content of building materials by volume. (Cammerer, 1936:p.18 Cammerer, 1936:p.31) reciprocal of thermal conductivity factor (Möller, 1929 (Möller, -1930 ) of peat/turf is 25 (from aquatic plants, its density after pulping is between 180-200kg/m 3 ) having the density of 190kg/m 3 at 0 °C, but if the material contains 0.5 % water, the value reduces to 16.4. Additionally, under the name of "Reform", there existed the material cork stone, which was impregnated with grain to reduce moisture ingress. Through the example of cork stone, it was also discussed that the thermal insulation capacity of natural cork stone is lower (~30, at 0 °C) than the thermal insulation capacity of the expanded version (~33-42, at 0 °C), even though in case of a cold store "Linde" in Cologne they returned to the natural cork stone (in thicker layers) because it was more durable against moisture penetration (Möller, 1929 (Möller, -1930 .
At the end of the 20th century and the beginning of the 21th century, insulation requirements were tightened (Directive 2002/91/EC; Directive 2010/31/EU; 20/2014. (III. 7 .) BM regulation); consequently, this theme drew the attention of an increasing number of researchers. Graphs of the moisture dependent thermal conductivity factor have been produced all over the world (for example: Fraunhofer Institut Stuttgart, University of Technology Vienna, Austria, Generic North America Database, MASEA Database, NTNU Norwegian University of Science and Technology (Künzel, 1995) . The factor can also be expressed as a percentage ratio (TRR: thermal resistance ratio, (Powell and Matthews, 1987) ); it creates a connection between the moist heat transfer resistance and the dry heat transfer resistance. In addition to this, several articles have also been published in this field in Hungary and abroad; the most important parameters of some international publications are presented (Table 3 ) as examples.
The application of laboratory measurements in Hungarian building structure design
Regarding the work of Károly Möller, the author has already hinted on the practical application; in this article the author deals in more detail with the question of flat roofs, due to the increased moisture exposure of this type of structure (Fülöp, 2007) .
Gyula Sándy (1868 Sándy ( -1953 , who worked as a teacher at Budapest University of Technology and Economics, in his book (Sándy, 1930) written in the 1930s, introduces this structure in the chapter titled Flat roofs (XXXVIII. card). The protection of thermal insulation against moisture comes up on two levels: protection against precipitation (the material for this can be copper cladding, or bituminous felt) and protection against moisture caused by layers coming after the layer thermal insulation. He describes the protection against precipitation as follows:
"The waterproofing layer must also be taken out to the outer edge of the wall, formation of drenching is not allowed, the thermal insulation layer should not become damp, because in that case it would lose its thermal insulation capacity." (Sándy, 1930:p.27) For the protection of the additional layers, Gyula Sándy gives a recommendation in the bold line of Table 4 . This solution applies to slabs being insulated from above (Fig. 4) .
Gyula Sándy suggests the following in the case of slabs being insulated from below ( Fig. 5) . The solid line refers to the sand-free version, the dashed line refers to the sand mixed version. (Möller, 1929 (Möller, -1930 • At relative humidity of 97 % and a second cold plate temperature of -5°C the heat flux is 4.9 times greater than the dry case; • the average thermal conductivity of the insulation has increased by only 3.5 % • the local thermal conductivity has increased by as much as 75 % • The difference wasn't considerable (the insulation was found to be stable through the heating season, majorn rain and thaw periods do not appear to significantly affect the thermal performance of the specimens during these episodes).
[ (dry, 8, 8.1, 13.6, 16.6, 29 %) fiber glass (27, 47, (65) (66) 70 , 84 kg/m 3 -50 mm);
The dreegree of difference is max. 0.04 W/m °C:
• from dry state to 29 % at 34 °C. coating -) is placed before making the reinforced concrete structure, the coating must be soaked into asphalt and it must be coated with asphalt once more on the surface that will be in contact with the concrete, or the coating must be covered with asphalt plate in order to prevent the absorption of water from the concrete." (Sándy, 1930:p.28) László Gábor (1910 Gábor ( -1981 , who also worked as a lecturer at Budapest University of Technology and Economics, devoted a separate chapter to flat roofs in his still available book series (Gábor, 1964) . He examined the possible wetting of the thermal insulation layer in terms of precipitation, additional layers, condensation coming from inside and wetting during the building phase. With all layers, the thermal insulation layer is placed under the waterproofing layer (bituminous sheets). He suggests a separate bituminous layer against the building moisture from the concrete, being the layer that follows the thermal insulation. He treats the ventilated roof as a simpler task, because the internal condensation and the building moisture can leave more readily, and in addition to this -solid thermal insulation material is not directly necessary in this case. He analyses the different "warm" roof layers in terms of the danger of condensation by using the Glaser-method (end of the 1950s). Accordingly, the best solution is the case shown in Fig. 6 , where "the thermal insulation protects the load-bearing structure, the vapour barrier layer protects the thermal insulation, and the "vapour-ventilation" layer increases the safety of vapour closing,". (Gábor, 1964:p.233 ) Fig. 6 The theoretical layers of a flat roof. (Gábor, 1964:p.230) Regarding the "combined" structures, the danger of wetting during the building phase emerges. László Gábor introduces a "Roland-Isoca" covering ("vapour-ventilation" layer -for example ribbed plate + the lower sheet of the bituminous waterproofing layer) and a "Roland-Trisoca" plate ("vapourventilation" layer -for example ribbed plate + vapour barrier -for example fibreglass bituminous sheet + thermal insulation -for example cork). With the application of these "combined" structures, the building time can be reduced, but the thermal insulation layer does not receive additional protection against possible moisture effects from above because of its topmost position. A supplemented version of the structure is the type made with a bituminous sheet covering fixed on the top surface of the thermal insulation, which also gives protection against the building moisture from the concrete (Gábor, 1964) .
"If this coating (-thermal insulation
Later, in 1986, László Kakasy in his technical doctoral dissertation (Kakasy, 1986) described his measurements regarding water absorption and the compression of stone wool, reviewing the mechanical and moisture effects on different external partition structures (walls and slabs) (Fig. 7) . He also analysed the application conditions of stone wool products available in Hungary in those days. He came to the conclusion with respect to flat roofs and moisture that
"According to theoretical and practical considerations, I do not suggest the use of current stone wool products (being prone to high water absorption)… as thermal insulation on viable or weight loaded "warm" roofs. Ventilated, shaded structures (walls and slabs) can be insulated with this material and then
closed from moisture; protected thermal insulation can be used with maximum security, it effectively utilizes the properties of stone wool." (Kakasy, 1986:pp.83-84) Fig. 7 Mechanical and moisture effects on the thermal insulation of external partition slab structures. (Kakasy, 1986:p.32) Currently, 2+1 flat roof layer combinations can be typically differentiated in terms of the thermal insulation's exposure to precipitation and other moisture effects: the "normal" layers (slab + thermal insulation + waterproofing layer), the "inverted" layers (slab + waterproofing layer + thermal insulation) and the "DUO" layers (slab + thermal insulation + waterproofing layer + thermal insulation). (The question of vapour vents is not addressed in this article.) The "inverted" layers (where the waterproofing layer is in a more protected position and the thermal insulation is exposed to precipitation) became possible when closed celled (being not prone to water absorption) materials (for example extruded polystyrene foam, "foamed" expanded polystyrene foam) appeared on the market. The spread of "inverted" layers did not start without problems in Hungary. For example, in the 1980s, during the thermal insulation of the housing estate at Káposztásmegyer, expanded polystyrene foam was originally applied; however, it became wet due to precipitation and lost its thermal insulation capacity. In the topmost flats, condensation occurred. Despite this, there are several well-functioning examples of "inverted" layer flat roofs (with extruded polystyrene). Two of these are part III of the office building of the Metropolitan gas works (1998) and the flat roof of MOM Park shopping centre (1999). The structural plans are linked with the name of Dr Zsuzsanna Fülöp.
There is also a current question regarding the placement of extruded polystyrene foam in two layers on flat roofs. Extruded polystyrene foam can be produced to a maximum 20cm thickness, but this is not enough to meet the ever-tightening requirements for thermal transmittance (20/2014. (III. 7 .) BM regulation). As a consequence of this, manufacturers began to deal with the possibility of placing the material in two layers (Styrofoam Lösungen, 2011) , although in this case, the water film that could develop between the two layers, may cause problems, it may work as a vapour closing layer for the lower positioned thermal insulation layer. The catalogue (Styrofoam Lösungen, 2011) gives two recommendations in order to prevent this: the lower positioned thermal insulation plate should be thicker (the humidity disperses within a larger volume) and a vapour-tight drainage layer instead of geotextile should be used on the top of the extruded polystyrene foam plates (most of the precipitation could be drained at this level). This layer-type is also recommended by manufacturers in Hungary, although, currently it is not common, and there is limited data for its long-term operation. A more detailed summary of this problem can be found in (Horváthné Pintér and Laczkovits, 2015) .
In addition to the design of new buildings, the design of building structures of restorations is receiving increasing attention; this task is necessary because of damage and changes in requirements. If the aim is to reach a lower thermal transmittance factor, the DUO roof is typical; in this case, additional thermal insulation layer (that is not prone to water absorption) is placed on the existing "normal" layers. If the restoration cannot be avoided because of damage, the main purpose is to repair the mistake and the resulting damage, although, in this case, demolition is generally also unavoidable. In addition, the original structure typically does not meet the thermal demands, so besides the necessary repairs, the reduction of the thermal transmittance factor may be a requirement. The building structures design work of Dr Zsuzsanna Fülöp serves as a concrete example in this case. Serious wetting and the resulting damage were found on the terrace of building CH BME, built according to the plans of Győző Czigler in 1904. The original plans were not available; consequently, the existing layers could be determined only by exploration (Table 5 , Fig. 8a) . A separate thermal insulation layer was not included, "the mass" of the structure ensured the thermal protection, consequently, among others the whole structure should have been protected against moisture in favour of maintaining the thermal properties. In this example, the new layers were developed according to Table 6 ( Fig. 8b) . Liapor lightweight concrete (thickness ~10-12cm) was set in place of sub concrete. The additional thermal insulation layer (Liapor -it also ensured the necessary slope for the waterproofing layer) was fixed in place and protected from precipitation ("normal layers"). The danger of condensation is not a typical feature of historic buildings, which can be attributed to materials with a significant ability for vapour uptake (plaster, brick, filling) and a typically large headroom. In this case, the function of the room did not involve a high humidity-load . Because of the restoration, the thermal transmittance factor was lowered from 1.928W/m 2 K to 0.694W/m 2 K. Fig. 8 Layers of the terrace of building CH BME before and after restoration.
(design of Dr Zsuzsanna Fülöp) Table 5 The original layers of the terrace of building CH BME. Table 6 The layers of the restored terrace of building CH BME. 
Summary
The article provides a historical overview of laboratory measurements and the application of these results in the design of Hungarian building structures.
The author intended to support the actuality of the theme "moisture-dependent insulation capability" with the presentation and interpretation of the historical and recent data, laboratory measurements, and their integration into the design of building structures. With the analysis of historical and recently accomplished examples, the article looks at the relevance of the knowledge of the coherencies and the experiences of historical patterns and at the actuality of the theme.
It is interesting to note that the results from laboratory measurements have long been taken into consideration in Hungarian building structures design. Through the example of the typically more exposed flat roof, it can be seen that these concepts were introduced in building texts written in the 1930s, and there were already recommendations on the issue of protecting the thermal insulation layer against different moisture effects. Since then, these principles can be traced continuously through professional texts.
Finally, the author's (through the example of her supervisor's work) draws attention to the situation where, in the case of the restoration of damaged building structures, the improvement of thermal protection may arise. In that case, the thermal insulation material must be placed into existing layers with the observance of the fixed parameters .
